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CHAPTER 1 (J)

ny INTRODUCTION (U)
b —
s
:iti , (U) This contains the results of a Phase II SBIR program to investigate the
- bt
¢ concept of liquid film protection of spacecraft materials from laser
s : i
;;3 interaction.
e ; (U) The liquid film protection concept consists of using a reflective thin
]
H ! film coating over a graphitic substrate to reduce the absorbed laser energy
ﬂaj J and hence the degree of damage caused by the laser interaction. The required
‘d‘ ‘-
:i} i properties of thin film are: 1) it liquifies at temperatures substantially
A l '
DA velow that for substantial substrate vaporization, 2) its vaporization temper-
S
d ature is much higher than the substrate, and 3) the liquified film must allow

the passage of substrate vaporization products through it without destroying

i the film coherence.

{(U) Requirements 1) and 2) ensure that the liquid film forms before substrate
O vaporization occurs and that the film will not ablate with the substrate. The
third requirement is one of film stability. For high laser intensities tem-
. peratures will be reached such that carbon vaporization will occur. In order

:) to maintain the reduced laser absorbtivity the liquid film must allow vapori-

)X

zation products to be transported through the film without substrate

-

x
o

exposure,

v v
]

’ ."-“' ’
5%
PR

o

N

(U) In the Phase 1 program the feasibility of this concept was demonstrated.

SRR
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Experiments were performed in an electron beam apparatus. In a parallel

H
N

)

effort the thermodynamics and fluid mechanics of thin liquid films was

ki

~

- investigated. Several mechanisms for stable film behavior were identified.
. @. These included convective transport driven by surface tension forces. These
5
r
\,t studies have continued in the Phase Il program.
\:n
N | o
\;\ (U) Extensive electron beam testing of coated graphitic samples was
15y
-g conducted in the first year of the Phase II program. These measurements were
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(J) used to investigate coating materials in addition to those usea in the
Phase I. The effect of substrate was examined by measuring film behavior over
a number of graphitic materials. Also in the first year of the Phase II
program, low power laser tests were conducted. In the second year effort
electron beam measurements were made of coating performance at near visible
wavelengths. Tarlier measurements had considered their behavior at infrared
wavelengths. The wmajor experimental effort of the second year was to perforn
high power CW laser tests at the EDCL II facility at the Air Force Weapons
Laboratory. These tests provide data at interaction intensities hereto not

available and are a critical test for the liguid film protection concept.

(J) The Phase II modeling and theory effort was concerned with further under-
standing the thermodynamic behavior and fluid mechanics of substrate transport
through a liquified layer. Phase relationships were analyzed for the various
coating materials. A model for the fluid mechanics was developed in the first
year. The second year effort implemented the model in order to predict film

behavior under a variety of conditions.

(U) The focus of this effort, both experimental and theoretical, is to under-
stand the behavior of interface of a coated substrate during ablation. The
immediate motivation of this work was the development of the liquid film pro-
tection concept. However, this phenomena is also critical) to the functioning
of volumetrically loaded carbons, i.e., TBR materials. The results and
insights from this effort are pertinent to the design and functioning of these

materials as well.,

(U) The organization of the report is as follows. The primary emphasis is on {jﬁ~—~
the second year's effort of the Phase II program, The first year's effort has L
already been presented in detail. Chapter 2 presents the results of the high

power laser tests at AFWL. Chapter 3 presents optical properties measuremen:: -
at near visible wavelengths in the PSI electron beam apparatus. The fluid

mechanics modeling results are presented in Chapter 4. -
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